Results are presented for stellar models composed of equal amounts of 12 C and 16 0 in complete equilibrium within the mass range 0.82 < M/Mq < 2.31. The character of the static models is analogous to the lower helium main sequence in that they are double-valued with respect to mass whereas the central density is monotonie along the sequence. All the models are pulsationally unstable, but only one, near the minimum mass, is secularly unstable.
I. INTRODUCTION
This brief communication is a continuation of the studies reported in Hansen and Spangenberg (1971a, b ; the second reference is hereinafter referred to as HS) on the properties of nonhydrogenic main sequences near the minimum masses of those sequences. In HS the pure helium sequence was considered, and most of the results reported here have their analogs in that paper. In view of this our discussion will, for the most part, be rather brief, and the reader is requested to refer to HS for many of the relevant details.
The justification for performing these calculations is twofold: the structure of the static models should resemble the cores of stars of mass greater than approximately 10 M 0 which are undergoing nonviolent carbon burning (Paczyñski 1970) , and the behavior of models near the minimum mass of the sequence displays properties which are unusually interesting from the theoretical side of stellar structure.
In § II we describe the static models which are analyzed for pulsational stability in § III. The secular stability properties of the models are discussed in § IV, and a brief summary is contained in § V.
II. THE LOW-MASS CARBON MAIN SEQUENCE
The models computed were composed of equal amounts (by mass) of 12 C and 16 0-a composition which is representative of the final products of static helium burning (Deinzer and Salpeter 1964, for example). The energy source was taken to be the 12 C-12 C reaction, with the rate derived from the data given in Arnett (1970) and screening corrections from Salpeter and Van Horn (1969) . All other physical input and the methods of calculation are described in HS.
The results of the calculation for 0.82 < M/M 0 < 2.31 are displayed in Table 1 and are compatible with those obtained by Deinzer and Salpeter (1965) and Noels-Grötsch, Boury, and Gabriel (1967) for neutrino-emitting models. Minor differences between the results of the various authors are probably ascribable to both different input physics and to the fact that no one composition was used in common. We are not prepared here to disentangle the differences, but we do note that our results for the central temperature (T c ) and density (p c Many of the static properties of the lower helium main sequence are seen again here in the carbon analog. We will merely summarize these points and refer the reader to HS for details.
a) The sequence is double-valued with respect to mass centered about 0.82 M Q . (We estimate that the minimum mass is ^0.81.) The central density is monotonie increasing down the sequence and serves to differentiate between the two branches. (As in HS we shall refer to the branch with the highest density for a given mass as the "high density^ or HD branch.)
b) The behavior of the electron-degeneracy parameter (rç c in Table 1 ) indicates a rapid transition to degeneracy as the minimum mass is crossed. c) All the statements in HS regarding homology on the sequence still hold; in particular, the Jeans condition (eq. [1] of HS) is satisfied at the minimum mass.
d) The sum of the integrated free energy plus the total gravitational energy (F + £2) which is always negative reaches a maximum on the sequence near the minimum mass (at 0.82 on the upper branch). For the helium models this statement was a little stronger in that the mass average of this quantity; i.e., (F + ti)/M (which may be the more interesting number), reached a maximum at the minimum mass. In the case of the carbon sequence the mass average achieved its maximum at M Q on the upper branch, so it appears that the decrease of mass to its minimum value caused the maximum of F + £2. If F + £2 is the relevant quantity, then the result is as mysterious as ever.
The computation of the static models was terminated at 0.85 M 0 on the HD branch because of the computer costs encountered in constructing these rather sensitive models. In any case, however, we expect the more massive models on the HD branch to share the same characteristics as the corresponding helium models, and we see no reason why the sequence could not be continued with masses up to nearly the Chandrasekhar limit.
III. PULSATIONAL STABILITY OF THE EQUILIBRIUM MODELS
All the static models summarized in Table 1 were analyzed for pulsational stability by using linear, quasi-adiabatic techniques. In contrast to the helium models of HS, all the carbon-burning models were unstable. This is the same behavior found by Noels-No. 2, 1972 CARBON-BURNING MAIN SEQUENCE 319 Grötsch et al. (1967) . The result is caused by the enhancement of the temperaturesensitive carbon-burning rate which is necessary in order to compensate for the very large neutrino luminosities. Our results are given in Table 2 , where r is the e-folding time for growth of the instability, p c /(p) is the ratio of the central to mean density, and the other entries are as in HS. No attempt has been made here to attach any reasonable helium and/or hydrogen envelopes on the models, so we can make no statements as to how much of an envelope must be added before the transition from instability to stability is achieved. The question, of course, is whether the addition of a realistic envelope would still leave the model unstable with a period of, say, one minute or longer.
(See HS for a discussion of this problem.)
IV. SECULAR STABILITY OF THE MODELS
All the models except the 2.31 M Q were analyzed for secular stability by using linear techniques similar to those of Gabriel and Noels-Grötsch (1968) for pure carbon models except that in our case both eigenvalues and eigenfunctions were allowed to be complex. A short summary of this type of calculation for simple helium models was reported in Hansen, Cox, and Herz (1970) , and a more complete paper is now in preparation. For now, we will not go into a complete discussion of the rather unusual physics of secular stability; instead, we will report our results for the carbon-burning models with only some brief comments.
The linear analysis performed here assumes a temporal variation of the form exp (a>/), where the eigenvalue co is in general complex. Thus, positive values of the real part of co imply instability. We find, for the carbon models, only one model which is unstable in the secular sense-namely, the 0.82 Af 0 on the upper portion of the sequence. This is shown in Table 3 , where the real and imaginary parts of the eigenvalues and eigenfunctions for the "lowest mode" are displayed. (The quantity r is either the "period" associated with the imaginary part of co, or the e-folding time of the real part, depending on which section of the table the entry appears in. Note that the HD models are purely real.) Because of the complicated nature of the linearized differential equations (a fourthorder system involving complex variables) describing the secular behavior, there are not, to our knowledge, any mathematical theorems which guarantee even the existence of a lowest mode or, in fact, that the modes are ordered in some recognizable way. By "lowest mode" we mean here that mode which shows the least complicated behavior of the eigenfunctions. In particular, we find that the relative radius variation for this mode is monotoniçally increasing or decreasing through the model except, perhaps, for soriie minor "noise" due to wild fluctuations in the logarithmic derivatives of opacity. We have investigated a "higher mode" which characteristically has a greater absolute value of the real part of o> and in which the relative radius variation has one wiggle (so to speak). The eigenvalues for this higher mode arc given in Table 4 . All models in this mode are stable.
The overall result for the secular analysis is that, for our mass range, the carbon sequence is stable except for a small region very near the minimum mass. Though we reserve this for a later paper, this result is precisely that obtained by Hansen, Cox, and Herz (1970) for the helium sequence, where even the structure of the ( 'lowest mode" is the same. Our result differs from that of Gabriel and Noels-Grötsch (1968) , who found two unstable models on their HD branch. One explanation we can offer is that their two models were sufficiently close tp the minimum mass so as to be still in the unstable regime. On the other hand, their method of treating energy-flux variations was a simplification of that used here, and this may account for the difference in results. The major conclusion we offer is the close similarity between the low-mass portion of carbon-and helium-burning main sequences in terms of static, pulsatióhal, and secular stability properties.
As argued in HS, the high-density branches of either sequence (including the minimum mass itself) probably do not correspond to real stars, blit from a theoretical viewpoint they do shed some light on the intricacies of stellar structure.
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